he promise of a lower incidence of gastrointestinal side effects with the use of selective cyclooxygenase-2 (COX-2) inhibitors than with the use of nonselective nonsteroidal antiinflammatory drugs (NSAIDs) or aspirin has led to a marked increase in prescriptions for COX-2 inhibitors, despite the fact that they offer similar degrees of pain relief. [1] [2] [3] In addition, the identification of COX-2 as a promoter of intestinal tumorigenesis suggested that inhibiting this enzyme could prevent the formation of premalignant colorectal adenomas. [4] [5] [6] [7] [8] Recently, however, this class of drugs has come under scrutiny because of clinical reports that they were associated with an increased risk of serious cardiovascular harm. [9] [10] [11] The mechanism of this effect is suggested in part by evidence that selective inhibition of COX-2 can block the production of prostacyclin without affecting the synthesis of thromboxane A 2 , 10 thereby potentially creating a prothrombotic state.
The observation of an increased incidence of death from cardiovascular causes, myocardial infarction, or stroke among patients receiving rofecoxib in the Adenomatous Polyp Prevention on Vioxx (APPROVe) trial and the associated voluntary withdrawal of this drug from the market prompted the data and safety monitoring board and steering committee of a similar ongoing trial of celecoxib to request a focused reassessment of data on cardiovascular safety by an independent committee, with the results presented at their scheduled meeting on December 10, 2004 . The study was a prospective, randomized, double-blind, multicenter trial assessing the efficacy of celecoxib for the prevention of adenomatous polyps in patients who had undergone endoscopic polypectomy. Because neither prior clinical trials nor observational studies had reported a clearly increased risk of cardiovascular events with celecoxib use, 2, 5, [12] [13] [14] [15] [16] this longer-term, placebo-controlled trial provided an important opportunity to evaluate the potential association. This report describes the findings of the independent cardiovascular safety committee.
patients
The Adenoma Prevention with Celecoxib (APC) study compared the efficacy and safety of 200 mg of celecoxib twice daily, 400 mg of celecoxib twice daily, and placebo in reducing the occurrence of adenomatous polyps in the colon and rectum one year and three years after endoscopic polypectomy. The trial was led by the Strang Cancer Prevention Center (New York) and cosponsored by the National Cancer Institute and Pfizer. Ninety-one sites participated (72 in the United States, 1 in the United Kingdom, 8 in Australia, and 10 in Canada). Participants ranged from 32 to 88 years of age and were considered to have a clinically significant risk of colorectal adenoma on the basis of a history of either multiple adenomas or a single adenoma that was at least 0.5 cm in diameter. All known adenomas were removed colonoscopically before drug treatment began.
A detailed medical history, including baseline assessment of cardiovascular disease status and risk factors for cardiovascular disease, was obtained for each patient. The protocol was reviewed and approved by the appropriate institutional review boards, and all patients provided written informed consent before enrollment. Patients were randomly assigned to treatment with the use of a computergenerated randomization schedule. At the time of data review, 2035 patients had undergone randomization in a double-blind manner at a 1:1:1 ratio, after stratification according to the use or nonuse of aspirin for cardiovascular prophylaxis and the enrolling center. Enrollment began in November 1999 and concluded in March 2002. Compliance was assessed by means of both pill counts and standard monitoring of medical records every 6 to 12 weeks.
review of cardiovascular safety
The cardiovascular safety committee developed endpoint definitions as guidelines for adjudication. The committee classified and adjudicated the end points by defining a hierarchy of composite end points (based on clinical importance and the prior findings with rofecoxib). These guidelines were designed specifically to assess cardiovascular safety (listed in the Supplementary Appendix, available with the full text of this article at www.nejm.org). An initial review identified all deaths and potential nonfatal cardiovascular adverse events. Two experienced independent assessors reviewed these events using medical records and narratives supplied by site investigators. Myocardial infarction was defined on the basis of either a clinical presentation characterized by typical symptoms, signs, or electrocardiographic changes associated with an elevation in the level of a cardiac marker or angiographic evi-dence of coronary thrombosis. Stroke was defined as a persistent focal neurologic event whose onset was sudden and was not due to trauma or a tumor. Other cardiovascular events were categorized according to a preplanned schema. When this initial documentation was insufficient for adjudication, additional information was obtained from the investigative sites.
The entire cardiovascular safety committee was unaware of the patients' treatment assignments throughout the review process. For the purposes of this analysis, we evaluated a hierarchy of composite end points, including death from cardiovascular causes, myocardial infarction, stroke, heart failure, unstable angina, and the need for a cardiovascular procedure.
statistical analysis
Randomization codes were provided to Statistics Collaborative (Washington, D.C.). All analyses were performed according to the intention-to-treat principle, with data on each patient analyzed according to the original randomized treatment assignment. Log-rank tests were used to compare the time to a cardiovascular event in the three groups for each composite end point of interest. Cox models, with the treatment group as the only covariate, were used to estimate hazard ratios for the two celecoxib groups as compared with the placebo group. Although the randomization was stratified according to the baseline use or nonuse of aspirin and the center, the Cox models did not include these stratifying variables. Censoring was defined by assuming that a patient was followed for 37 months, until death, or until January 6, 2005 (the date defined for this analysis as the common close-out date) -whichever came first. At the time of this review, we had follow-up information for more than 97 percent of the patient-years at risk. Incidence rates were calculated for individual and composite cardiovascular events by dividing the number of patients with events by the number of patient-years at risk.
Important subgroups based on baseline characteristics were prespecified. To examine whether the effect of celecoxib varied between subgroups, we constructed Cox models with terms for treatment, subgroup, and the interaction between subgroup and treatment and evaluated the interaction terms for statistical significance.
Recommendations to the study's data and safety monitoring board were made on the basis of data available at the time of the original analysis. This analysis contains data on three additional cardiovascular events that were not included in the original report.
At the time of the analysis, 77 percent of the 2035 patients had completed the study, and all of the remaining surviving patients had completed at least 2.8 years of follow-up (range, 2.8 to 3.1). The baseline characteristics were similar among the three groups ( Table 1 ). The incidence of the prespecified composite cardiovascular end points, analyzed according to the time to the first event, and the associated hazard ratios are shown in Table 2 . As compared with the placebo group, the group given 200 mg of celecoxib twice daily had a hazard ratio for death from cardiovascular causes, myocardial infarction, stroke, or heart failure of 2.3 (95 percent confidence interval, 0.9 to 5.5), and the group receiving 400 mg of celecoxib twice daily had a hazard ratio of 3.4 (95 percent confidence interval, 1.4 to 7.8). The results for the individual components of the composite end point are shown in Table 3 .
There were six deaths in the placebo group, six in the group given 200 mg of celecoxib twice daily, and nine in the group given 400 mg twice daily, and one, three, and six of the deaths, respectively, were due to cardiovascular causes. The Kaplan-Meier curves for the combined end point of death from cardiovascular causes, myocardial infarction, stroke, or heart failure in the three groups are shown in Figure 1. The annualized incidence of death from cardiovascular causes, stroke, myocardial infarction, or heart failure was 3.4 events per 1000 patient-years in the placebo group, 7.8 events per 1000 patientyears in the group given 200 mg of celecoxib twice daily, and 11.4 events per 1000 patient-years in the group given 400 mg twice daily.
In addition to the increased risk of the prespecified composite end point of cardiovascular events, the point estimate of the number of venous thromboembolic events was also increased (though not significantly) among patients receiving celecoxib: four in the group given 400 mg of celecoxib twice daily and three in the group given 200 mg twice daily, as compared with one in the placebo group (hazard ratio for the two celecoxib groups combined, 3.5; 95 percent confidence interval, 0.4 to 28.5). There was no apparent increase in the risk of un-n engl j med 352;10 www.nejm.org march 10 , 2005
The new england journal of medicine 4-solomon stable angina, arrhythmia, or the need for a cardiovascular procedure. The hazard ratios associated with celecoxib use decreased when a broader class of cardiovascular events, including unstable angina and the need for a cardiovascular procedure, was added to the composite end point. The hazard ratio associated with celecoxib was not significantly affected by any of the baseline characteristics examined, including aspirin use at baseline (Table 4) .
On December 16, 2004 , on the basis of these findings, the advice of the cardiovascular safety committee, and previous findings with drugs in the same class, the data and safety monitoring board concluded that continued exposure to celecoxib placed patients at increased risk for serious cardiovascular events. On the basis of this recommendation, the steering committee stopped the use of study medication among the patients remaining in the trial. The trial remained blinded, and follow-up for the end point of adenoma continued. Three events that were documented after the study was stopped are included in the present analysis; their inclusion does not alter the overall conclusions of the report issued on December 16, 2004 .
In a large, randomized, placebo-controlled, doubleblind, multicenter trial, we found that twice-daily treatment with 200 or 400 mg of celecoxib to prevent colorectal adenomas led to a dose-related increase in the risk of serious cardiovascular events, including death from cardiovascular causes, myocardial infarction, stroke, and heart failure. These results were consistent among the individual components of the composite end point. Because the use of other selective COX-2 inhibitors, including rofecoxib, valdecoxib, and parecoxib, has also been associated with an increased rate of cardiovascular events, 17,18 our results heighten concern that this class of drug may be associated with increased cardiovascular risk. The cardiovascular safety committee also completed a preliminary review of cardiovascular safety in another study, the Prevention of Spontaneous Adenomatous Polyps (PreSAP) trial, which randomly assigned patients with a history of colorectal adenomas to receive either 400 mg of celecoxib once a day or placebo. The preliminary analysis did not show an increase in risk at this dose.
The reason for the apparent increase in cardiovascular risk associated with the use of COX-2 inhibitors is uncertain. One prominent hypothesis involves the effects of COX-2 inhibitors on two key prostanoids, prostacyclin and thromboxane A 2 , which have a crucial role in vascular homeostasis. 9, 19, 20 These prostanoids are generated by the action of the cyclooxygenase-1 (COX-1) and COX-2 isoenzymes on arachidonic acid. 21 Thromboxane discussion * Plus-minus values are means ±SD. There were no significant differences among the groups.
† Data were missing for one patient in the placebo group. The new england journal of medicine 6-solomon A 2 , which promotes platelet aggregation, vasoconstriction, and smooth-muscle proliferation, is synthesized primarily in platelets, which express only COX-1. Conversely, prostacyclin, which has antiaggregative, antiproliferative, and vasodilatory actions, is the main prostanoid product of endothelial cells, synthesized as a result of the action of COX-2. 22 Whereas nonselective NSAIDs inhibit both COX-1 and COX-2, selective COX-2 inhibitors act primarily on COX-2. 9 The selective COX-2 inhibitors may therefore suppress vascular production of prostacyclin without affecting the synthesis of platelet-derived thromboxane A 2 . This imbalance may promote thrombosis and increase the risk of cardiovascular events. 10 Nonaspirin, nonselective NSAIDs may also not sufficiently reduce thromboxane A 2 synthesis long enough to prevent platelet aggregation and atherosclerotic events. 10 Other potentially detrimental effects of COX-2 inhibitors have been suggested, including elevated blood pressure, though some reports have indicated that these drugs may have beneficial effects on vascular health. 23 In contrast to our findings, most of the earlier clinical trials of selective COX-2 inhibitors in patients with arthritis did not appear to show an increase in cardiovascular risk. 2, 5, 14, 24 These trials, however, were generally short-term studies designed to assess the use of this class of drug for pain relief and to evaluate associated adverse gastrointestinal events. They included a relatively small proportion of patients at high risk for cardiovascular events or excluded such patients, despite the fact that many patients who are taking these drugs or who are considered candidates for this therapy are at high cardiovascular risk. 25 Consequently, the studies lacked adequate statistical power to confirm or refute a cardiovascular hazard related to the use of COX-2 inhibitors. 11 The use of active rather than placebo controls in many of these studies also made the findings difficult to interpret.
The results of the Vioxx Gastrointestinal Outcomes Research (VIGOR) trial 3 and a subsequent study, APPROVe, 26 raised questions about the safety of rofecoxib. The VIGOR trial, which compared a nine-month course of 50 mg of rofecoxib per day (a larger dose than that usually recommended for the long-term treatment of arthritis) with naproxen in patients with rheumatoid arthritis, reported a higher risk of myocardial infarction among the patients receiving rofecoxib. 27 Some have attributed these findings to the potentially cardioprotective effects of naproxen, 28, 29 although this interpretation has been a source of contention. 18, 20 More recently, the APPROVe trial, a randomized, placebo-controlled trial designed to evaluate the efficacy of rofecoxib for preventing colorectal polyps in patients with a history of colorectal adenomas, was terminated early because of an increased risk of cardiovascular events. 10, 26 These results prompted voluntary withdrawal of rofecoxib from the market. Topol has reported that another controlled trial also showed an increased risk of cardiovascular events with treatment with 12.5 mg of rofecoxib per day, as compared with nabumetone or placebo. 30 The results of other studies have aroused concern about the safety of selective COX-2 inhibitors. In a placebo-controlled trial of pain relief after coronary-artery bypass surgery, the use of the parenteral COX-2 inhibitor parecoxib followed by oral treatment with its active metabolite valdecoxib, or treatment with placebo followed by valdecoxib, was associated with a significantly increased risk of cardiovascular thromboembolic events. 31 In this issue of the Journal, Nussmeier et al. report a second trial showing a significant increase in cardiovascular events when parecoxib and valdecoxib were used in the immediate postoperative period after coronaryartery bypass surgery. 32 The Therapeutic Arthritis Research and Gastrointestinal Event Trial (TARGET) also showed a nonsignificant increase in the risk of cardiovascular events with lumiracoxib therapy, 10 as compared with naproxen or ibuprofen therapy, but only among patients who were not taking aspirin.
In contrast, to our knowledge, neither pharmacoepidemiologic studies nor randomized, controlled trials have reported clear evidence of an increased cardiovascular risk associated with celecoxib. The failure of pharmacoepidemiologic studies to show an increased risk may be due in part to the lower doses and shorter duration of use in these studies than in clinical trials and in part to the potential for selection bias in nonrandomized studies. Nevertheless, the Celecoxib in Long-term Arthritis Safety Study (CLASS), 2 which used the same dose of celecoxib (400 mg twice daily) that was given to one group in the APC study and compared celecoxib with two nonselective NSAIDs, did not show an increased rate of cardiovascular events. 2 CLASS differed from the VIGOR study in several important ways. A short-term study not designed for systematic and formal assessment of cardiovascular events, CLASS enrolled relatively low-risk patients and allowed the use of aspirin for cardiovascular protection. In addition, FitzGerald has suggested that CLASS did not completely refute evidence of an increased cardiac risk associated with celecoxib use in non-aspirin users, as compared with those taking ibuprofen (but not diclofenac). 20 Moreover, the results of a randomized, controlled clinical trial of celecoxib in patients with Alzheimer's disease, reported to the Food and Drug Administration, demonstrated an increase in cardiovascular events among patients receiving celecoxib. 33 Although we found that patients with an increased cardiovascular risk at baseline appeared to have a higher absolute rate of events than those with no increase in cardiovascular risk at baseline, formal statistical tests of interaction showed no differential effect of celecoxib with respect to baseline cardiovascular risk. One prespecified subgroup included users of cardioprotective aspirin at baseline. Although the overall absolute risk appeared to be higher among such patients, analysis of the data on aspirin users in this study shows that they had a higher frequency of cardiovascular risk factors at baseline than did nonusers.
The cardiovascular findings with regard to celecoxib use in the APC study are consistent with those identified for rofecoxib use in the APPROVe trial. In contrast, preliminary analyses from the PreSAP trial, which involved a daily dose of 400 mg of celecoxib, showed no apparent increase in cardiovascular risk. The differences in the dosing regimens between these two trials -twice daily in the APC study, as The log-rank statistic of 8.73, which has two degrees of freedom, was used to determine the P value. compared with once daily in the PreSAP studysupport the hypothesis that sustained inhibition of prostacyclin may contribute to the increase in cardiovascular risk. Other potential differences in the trials, including geographic differences, differences in the patient population, and differences in use of concomitant medications, may have contributed to the disparity in the preliminary findings. The increased cardiovascular risk in the APC trial was based on a small number of events in a trial that was not designed or statistically powered to evaluate cardiovascular risk. Although we believe we have identified all adverse cardiovascular events, we cannot rule out the possibility that some events remained unreported. Our results must therefore be interpreted with caution.
Still, in the context of the results of the other trials reviewed involving agents in the same class, these data suggest that there may be a real increase in cardiovascular risk associated with the use of celecoxib in particular and the class of selective COX-2 inhibitors in general. If correct, this interpretation has substantial implications for public health, 11,34 patient education, 35 and drug regulation. 36, 37 Given the experience with COX-2 inhibitors, we support the call for regulatory agencies to consider requesting a formal evaluation of long-term cardiovascular outcomes of any new drug with a mechanism of action that could augment the risk of cardiac and vascular events, especially if many patients who are likely to use the new agent are prone to cardiovascular disease. 25 This category may include nonselective NSAIDs (other than aspirin), as discussed earlier. More broadly, this experience underscores both the need for long-term, placebo-controlled trials to assess safety as well as efficacy and the need to improve methods for assessing potential adverse cardiovascular outcomes in studies with noncardiovascular primary end points.
In summary, a blinded review of cardiovascular events in a large, randomized, controlled study of two doses of celecoxib for the prevention of colorectal adenomas showed a dose-related risk of such events, including death from cardiovascular causes, * CI denotes confidence interval. 
